Cancer cells often have an increased amount of glycans, such as sialic acid (SA), on the cell surface, which normally play an important role in cell growth, proliferation and differentiation. In this study, SA expression is determined by fluorescent nanoprobes, molecularly imprinted polymers, SA-MIPs. The nanoprobes are synthesized with an imprinting approach to produce tailor-made fluorescent core-shell particles with high affinity for cell surface SA. Inflammation and cytokine production are well known tumor promoters, modulating the cellular microenvironment, including an aberrant cell surface glycan pattern. The recombinant cytokines IL-4, IL-6, IL-8 and a cocktail of cytokines collected from stimulated T leukemia Jurkat cells were used to induce in vitro inflammation in two cell lines, and thereafter analyzed with the use of SA-MIPs and flow cytometry. One of the cell lines showed a different binding pattern of SA-MIPs after treatment with recombinant cytokines and the cytokine cocktail. This study shows that SA-MIPs can be an important tool in the investigation of overexpressed glycans in the tumor microenvironment.
INTRODUCTION
Abnormal cell growth can be initiated through inflammation [1] . Cancer cells are able to reshape the microenvironment by expression of tumor-promoting chemokines and cytokines [2, 3] . Fast growing cancer cells outpace their blood supply and become nutrient and oxygen deprived. This results in necrotic cell death at the tumor's core and this releases pro-inflammatory cytokines, such as IL-1.
Cytokines act as cell regulators of many different biological processes including cell growth, differentiation, metabolism, immunity and inflammation. Cytokines can enhance cancer cell growth by modulating the cellular microenvironment or by affecting the cells directly. Pro-inflammatory cytokines can be oncogenic and thereby inducing elevated levels of pro-invasive factors such as metalloproteinase-2 (MMP-2) and epithelial growth factor.
Pro-inflammatory cytokines including TNF-a, IL-1b, IL-6 and IL-8 are regulated by the transcription factor NF-kB, which is involved in activating genes in neoplastic transformation [1, 4] . Highly glycosylated intestinal mucins, such as MUC2 and MUC4, are regulated through NF-kB and by the gp130/STAT3 pathways, respectively [5, 6] . Sialic acid (SA), or neuraminic acid, is the outermost sugar molecule of glycans, thus forming the outer surface of cells by being attached to proteins or lipids bound to the plasma membrane. SA is very important for the function of living organisms since it is involved in cell processes like proliferation, differentiation, angiogenesis, invasiveness and metastasis [7, 8] . The over-expression of SA creates a negative charge on the cell surface, which is important in cell-cell and cell-matrix communication. An increased level of SA on the cell membrane, which have been reported on malignant and metastatic cancer cells, makes cells repel each other leading to an increased motility [9] . In addition, it has been proven that aberrant expression of in particular the a2,3-SA variants are related to tumor adhesion and invasion [10, 11] . Today, there is a lack of tools for specific targeting to glycans with high affinity. Lectins and glycan-specific antibodies have been used by many research groups to detect altered glycosylation, but the current tools do not perform with high specificity or affinity [12] . We have developed fluorescent nanoprobes to make convenient targeting and imaging of cell surface SA possible [13] . Based on other glycan specific receptors, we have developed SA-imprinted molecularly polymers (SA-MIPs) by using silica core particles and implemented NBD-fluorophores, which have favorable spectroscopic properties [13, 14] . In this study, two different cancer cell lines, MCF-7 and RAW 264.7, were stimulated with recombinant IL-4, IL-6, IL-8 and a cocktail of cytokines obtained by stimulating Jurkat T leukemia cells with phytohemagglutinine (PHA). The resulting expression of SA on the membrane of the stimulated cancer cells was analyzed with flow cytometry using both lectins and the SA-MIPs. One of the cell lines showed an increased binding of the SA-MIPs after treatment with recombinant cytokines and with the cytokine cocktail from PHA-stimulated Jurkat cells.
MATERIAL AND METHODS

Cell culture
The cell lines MCF-7 (ATCC HTB-22), RAW 264.7 (ATCCTIB-71) and Jurkat (ATCCTIB-152) were obtained from the American Type Culture Collection (ATCC/LGC Standards, Teddington, UK). MCF-7 and Jurkat cells were cultured in RPMI-1640 medium (Invitrogen, San Diego, CA, USA) supplemented with 10% fetal bovine serum (FBS, Invitrogen) and 50 µg/mL gentamycin (Invitrogen) (complete medium). RAW 264.7 cells were cultured in RPMI-1640 medium supplemented with 10% FBS and penicillin-streptomycin (Invitrogen). The cell lines were incubated in 37 °C with 5% CO2 in 100 % humidity.
Stimulation of Jurkat cells
× 10
6 Jurkat cells in 5 mL of were stimulated in complete medium with the addition of 10 ug/mL of PHA (Sigma Aldrich, St Louis, USA) for 72 h. The cells were harvested and centrifuged at 300 xg for 10 min. The supernatant was kept at 4 °C until used for cell experiments.
Addition of recombinant cytokines
× 10
6 of each of MCF-7 and RAW 264.7 cells were seeded in T25 flasks. Next day, the medium was removed and the different recombinant cytokines IL-4, IL-6, IL-8 (Peprotech, Rocky Hill, NJ, USA), all added at a final concentration of 40 ng/mL, or undiluted PHA-stimulated Jurkat supernatant was added to the cell culture flasks. One flask served as control with cells and medium alone. The cells were harvested after 3 days of incubation by trypsinization, two washes with phosphate buffered saline (PBS, Invitrogen) and thereafter stained with SA-MIPs according to below.
Preparation of polymers
The polymers (SA-MIPs) were prepared as described previously by Shinde et al [13] . Before the SA-MIPs were used for cell-based experiments, the dried SA-MIPs were resuspended in PBS and sonicated for 8 min with a VWR sonicator. The stock solution of 1 mg/mL was further sonicated and diluted in PBS prior to use.
Flow cytometry analysis
SA-MIPs 1 × 10
6 cells/sample were stained with SA-MIPs or left unstained as a control. The cells were washed twice with 2 mL PBS and thereafter 100 µL of SA-MIPs with indicated concentration was added to the cells. 100 µL of PBS was used as a negative control. The cells were incubated with SA-MIP for 30 min at 4 °C in the dark, and were thereafter washed three times with 2 mL PBS and analyzed using flow cytometry (BD Biosciences, Accuri C6 Flow Cytometry, NJ).
Lectins conjugated with biotin 1 × 10 6 cells/sample were stained with biotin-conjugated lectins (Vector Labs, Burlingame, CA, USA) or left unstained as a control. The cells were washed twice with 2 mL PBS. 100 µL of biotin-conjugated lectins, MAL I (from Maackia amurensis) or SNA (from Sambucus nigra) at concentrations of 10 µg/mL was added to the cells and 100 µL of PBS was used as a negative control. The cells were incubated with biotin-conjugated lectins for 30 min on 4 °C and were thereafter washed three times with 2 mL PBS. Thereafter 100 µL of a 1:100 dilution of streptavidin-FITC (Agilent Technologies, Santa Clara, CA, USA) was added to the cells and incubated for 20 min at 4 °C in the dark. After the incubation, the cells were washed three times with 2 mL PBS and analyzed using flow cytometry (Accuri C6 Flow Cytometry).
ELISAs for IL-2, IL-6, IL-8 and TNF-a
96-well ELISA plates were coated overnight at room temperature with 100 μL/well of diluted capture antibody against IL-2, IL-6, IL-8 or TNF-a, respectively, according to the manufacturer´s instructions (R&D Systems, Minneapolis, MN, USA). The plates were washed three times with PBS-Tween (PBS-T), blocked by adding 300 μL/well of blocking buffer (1% BSA in PBS) and thereafter incubated at room temperature (RT) for 1 hr. After three washes with PBS-T, the plates were incubated with 100 μL/well IL-2, IL-6, IL-8 or TNFstandards, respectively, diluted in reagent diluent, and 100 μL/well of samples collected from the Jurkat cell supernatant. After an incubation of 2 h at RT, the plates were washed three times and thereafter100 μL/well of 50 ng/mL biotin-linked detection antibody against IL-2, IL-6, IL-8 or TNF-a, respectively, were added and incubated at RT for 2 h. Then washed the plates three times and incubated with streptavidin-HRP at room temperature for 20 min. After three washes with PBS-T, the plates were incubated with 100 μL/well with substrate solution (1:1 mixture of H2O2 and tetramethylbenzidine, TMB) at RT for 20 min. After that, 100 μL/well of stop solution was added and the plates were analyzed with a spectrophotometer at 450 nm.
Statistical methods
Mean and standard deviation were used for statistical analysis of all calculations.
RESULTS
Evaluation of SA-MIP binding to MCF-7 and RAW 264.7 cells
The breast cancer cell line MCF-7 and the macrophage cell line RAW 264.7 were tested for SA-MIP binding at different concentrations. Addition of increased concentration of SA-MIP resulted in higher SA-MIP binding [ Figure 1A ]. At the highest concentration of SA-MIPs used, 0,08 mg/mL, the staining result was around 5% cell binding for MCF-7 cells and 65% cell binding for RAW 264. 
PHA-stimulated Jurkat cells produce high amounts of IL-8
The supernatants from stimulated and unstimulated Jurkat cells were investigated with sandwich ELISA specific for IL-2, IL-6, IL-8 and TNF-respectively [ Table 1 ]. The levels of IL-2 and TNF-were low, but showed an increase compared to control. In contrast, more than 400 pg/mL of IL-8 was detected in the PHA-stimulated Jurkat cell supernatant. No IL-8 could be detected in the unstimulated control. IL-6 could not detected in either stimulated or unstimulated samples.
DISCUSSION
In the tumor microenvironment, the cells of the immune system communicate with each other by releasing chemokines and cytokines to either favor antitumor immunity or enhance tumor progression. Thereby the cells control the immune and inflammatory milieu in a sophisticated fashion.
In this study we demonstrate that the SA-expression of RAW 264. . In other studies, IL-4 did not have any effect, but IL-6 and IL-8 were associated with poor prognosis and increased aggressiveness, respectively. IL-4 is an anti-inflammatory cytokine expected to down-regulate SA, while IL-6 and IL-8 both up-regulate the SA expression. Indeed, IL-6 and IL-8 [15] [16] [17] , as well as anti-inflammatory cytokines IL-10 and tumor growth factor-beta (TGF-b) [15, 18, 19] have been commonly shown to be elevated in pancreatic patients. Also, TNF-and IL-were upregulated compared to controls, but all studies in pancreatic cancer patients did not come to the same conclusions [1] . Other studies have proven that the levels of IL-4, IL-6 and IL-8 in pancreatic cancer patients is higher than normal [15] . An important remark is that the pattern of cytokine expression varies between studies and even contradicting results have been obtained. Bassaganas et al. [20] studied pancreatic ductal adenocarcinoma cell lines treated with different cytokines. They found that treatment with either IL-1 or IL-6 resulted in an increased carbohydrate antigen and SA level. Also, the levels of mRNA of precursor of carbohydrate antigens was enhanced. Moreover, Dima et al. [19] found an association between higher levels of circulating TNF-a with poorer prognosis. These findings indicate that inflammatory cytokines can be pursued as potential prognostic biomarkers as well as therapeutic targets.
Escaping immune recognition is now a recognized hallmark of cancer [21] . Chemokines and cytokines can play a critical role in the immune evasion. Tumor cells can escape host immunity by producing immunosuppressive cytokines as well as by recruiting regulatory immune cells with immunosuppressive functions. The cellular expression pattern of glycosyltransferases and Lewis antigens detected in the normal mucosa can change during neoplastic transformation. The stomach mucosa was investigated for Lewis antigens in the presence of pro-inflammatory cytokines [4] . The level of one type of Lewis antigen decreased after treatment with IL-1 or IL-6, whereas the levels of other carbohydrate antigens were unaffected [4] .
Lectins are plant-derived macromolecules specific for carbohydrate moieties. The MAL lectin specifically bind the sialyla2,3 Galb1,4GlcNAc/Glc trisaccharide sequence [22] . Expression of a2,3-SA residues of N-cadherin was shown to be altered in metastatic melanoma cell lines [23] . The expression of a2,3-SA residues in breast cancer using MAL-staining were analyzed by Cui et al. [24] The results suggested that high levels of a2,3-SA residues was closely associated with lymph node metastasis and invasive depth in breast cancer patients. The highly metastatic breast cancer cell line MDA-MB-231 had higher expression of a2,3-sialic acid residues compared to T-47D and MCF-7 depending on the mRNA levels of a2,3-ST genes. Indeed, the tumor microenvironment can direct the level of inflammation. Also, the metastatic potential and malignancy of cancer cells is closely associated with aberrant sialylation pattern [24] .
The enzyme that adds a2-6linked sialic acids, b-galactoside a2-6 sialyltransferase (ST6Gal-I), is known to be upregulated in many tumor types including colon adenocarcinomas [25] , and high expression levels have been associated with poor prognosis and metastasis. ST6Gal-I sialylation of membrane glycoproteins contributes to metastasis by enhancing cell motility and invasion through the extra cellular matrix (ECM). Increased negative charged properties of sialic acids was correlated with reduced adhesiveness of tumor cells and may be suitable for conformational change of integrin and enhances its function in cell-ECM interactions [26] . Interestingly, in our study we show a high expression of a2,3-SA on both cell lines, whereas the a2,6-SA, as analyzed with the lectin SNA, displayed a lower expression on the MCF-7 cells. It has been shown that high levels of sialylation of cell surface glycoconjugates can significantly increase metastasis of colon carcinoma cells and human melanoma cells.
In addition to directly modulating cell motility, a2,3-SA residues are involved in the synthesis of sialyl Lewis X determinants, which are the major ligands for endothelial E-selectin [27] . The sialyl Lewis X structure on malignant cells is suggested to facilitate tumor cell dissemination by mediating the tumor-endothelial cell interactions [28, 29] . Overall, many studies support the hypothesis that an increase of sialylation of cancer cells play an important role in tumor metastasis.
In the present study, the MCF-7 cell line showed a small increase of the SA-MIP binding after treatment with the cytokine cocktail derived from PHA-stimulated Jurkat cells. On the other hand, the SA-MIP binding when treating the RAW264.7 cell line with the same cocktail was not different compared to the effect of recombinant IL-6 or IL-8. Interestingly, an increase in binding of the lectins MAL and SNA was also detected after cytokine cocktail treatment. By analyzing with ELISA, we show that the cocktail contains increased amounts of IL-8, as well as low levels of IL-2 and TNF-a. IL-6 could not be detected in the PHA-stimulated samples. IL-8 is a chemokine, functioning by attracting cells to a site of infection, and it is therefore tempting to speculate that the increased SA-MIP binding seen by the RAW264.7 cells, could be due to a regulated SA-expression in response to IL-8. The natural ligands for SA are selectins and siglecs [30] . Indeed, the rolling of cancer cells ectopically expressing the selectin ligands on endothelial cells is potentially a crucial step favoring the metastatic process in vivo [31] . The combined analysis of SA and the targeting of SA to the ligands selectins and siglecs will be attractive for further investigations.
In conclusion, cancer cell migration and invasion is controlled by protein glycosylation and the ECM. SA is one of several important players in this crucial process. Inflammation and cytokine production will modulate the cellular microenvironment. We have studied cell lines in vitro that showed that one of the cell lines showed a significantly increased binding of the SA-MIPs after treatment with recombinant cytokines and with the cytokine cocktail from PHA-stimulated Jurkat cells. Here we demonstrate that SA-MIPs can be an important tool in the investigation of overexpressed glycans in the tumor microenvironment.
